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Effect of increased dialysate fill volume on peritoneal fluid and solute
transport. It has recently been recommended that the peritoneal dialysate
volume should in general be increased to increase the peritoneal small
solute clearances. However, the net ultrafiltration volume may decrease
due to higher intraperitoneal hydrostatic pressure (IPP) and higher
peritoneal fluid absorption induced by higher fill volume. In the present
study, we investigated the effects of increasing the fill volume on perito-
neal fluid and solute transport. A four-hour dwell study with frequent
dialysate and blood sampling was performed in 32 male Sprague-Dawley
rats using 16 ml, 25 ml, 30 ml or 40 ml (8 rats in each group) of 3.86%
glucose solution with !3!J albumin as an intraperitoncal volume marker.
The peritoneal transport of fluid, glucose, urea, sodium, potassium,
phosphate and total protein as well as IPP with different fill volume were
evaluated. The IPP and peritoneal fluid absorption rate (as estimated
from the 131J albumin elimination coefficient, K8) significantly increased
with increase in fill volume (P < 0.05), whereas the direct lymphatic
absorption did not change with increasing fill volume. There was a strong
correlation between IPP and K8. However, the net ultrafltration volume
was significantly higher in the high fill volume groups compared to the low
fill volume groups, mainly due to a better maintenance of the dialysate to
plasma glucose concentration gradient in the high fill volume groups.
There was no significant difference in the diffusive mass transport coeffi-
cients (K80) and sieving coefficients for any of the investigated solutes,
although KOD values tended to be lower in the 16 ml group. The
clearances for small solutes increased with increased fill volume, although
these increases were slightly smaller than predicted from the increase in
fill volume. We conclude that: (1) An increase in dialysate fill volume
using 3.86% glucose solution results in higher intraperitoneal hydrostatic
pressure and higher peritoneal fluid absorption, but, on the other hand, a
higher net ultrafiltration; (2) The increase in net ultrafiltration with
increased fill volume is mainly due to a better maintenance of glucose
concentration in the dialysate, inducing an increased transcapillary ultra-
filtration rate; (3) Solute clearances increase although not quite to the
same extent as predicted from the increase in fill volume. Our results
indicate that decreased net ultrafiltration volume associated with higher
dialysate fill volume (due to higher IPP and higher peritoneal fluid
absorption) could be avoided if hypertonic glucose solutions are used.
The daily regimen of four 2-liter exchanges, for decades the
standard accepted continuous ambulatory peritoneal dialysis
(CAPD) prescription, is now thought to provide inadequate
dialysis for many patients, especially big, anuric patients [1—4]. An
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Ad Hoc Committee on Peritoneal Dialysis Adequacy recently
recommended that 2.5 liters should be the preferred fill volume
for both CAPD and APD patients [4]. However, it has been
demonstrated that increases in intraperitoneal volume will in-
crease the intraperitoneal hydrostatic pressure (IPP). Twardowski
et a! found that each liter of intraperitoneal fluid increases IPP by
2 to 3 cmH2O [5]. This increase in IPP may consequently increase
peritoneal fluid absorption [6]. In fact, several studies found that
increases in IPP are associated with poorer fluid removal (net
ultrafiltration volume decreases) [7—10]. Thus, great concerns
have surfaced about the possible decrease in net ultrafiltration
volume due to the increased fluid absorption rate associated with
high fill volume and high intraperitoneal hydrostatic pressure
[11—13].
It is important to note that adequacy of dialysis is not only a
matter of reaching target Kt/V,rea or creatinine clearance (Cçr),
but also a matter of removing enough fluid [14, 151. In fact,
inadequate fluid removal and inadequate blood pressure control
are common in CAPD patients [16, 17] and may contribute to
cardiovascular disease, which is the main cause of death in PD
patients [17]. Fluid overload due to inadequate ultrafiltration is
also an important reason for a permanent transfer to hemodialysis
[18]. Furthermore, peritoneal fluid absorption not only plays an
important role in the fluid balance but may also greatly decrease
the efficiency of peritoneal dialysis as regards small solute removal
[19]. Recently, we found that the more permeable the peritoneal
membrane, the less removal of water by peritoneal dialysis; this
was mainly due to an increase in peritoneal fluid absorption [20].
Therefore, if increases in fill volume would decrease the net fluid
removal, then the potential increase in Kt/Vurea will be greatly
offset by the poorer fluid balance which may have a detrimental
effect on the patients' outcome.
However, peritoneal net fluid removal is decided not only by
peritoneal fluid absorption but also by the transcapillary ultrafil-
tration rate, which has been reported to be relatively unaffected by
IPP [21, 22]. It has also been shown that higher dialysate fill
volume was associated with better maintenance of dialysate
glucose concentration [23, 24]. However, no data are available on
how increases in dialysate fill volume affect the peritoneal trans-
capillary ultrafiltration. Also, simultaneous measurements of the
intraperitoneal hydrostatic pressure and fluid kinetics with differ-
ent fill dialysate volumes have not previously been reported.
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In this study, we made a detailed investigation of peritoneal
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fluid kinetics and solute transport in rats receiving different
dialysate fill volumes.
METHODS
Thirty-two male Sprague-Dawley rats with an average body wt
of 300 g (range 290 to 310 g) were divided into four groups, with
eight rats in each group. Each rat was anesthetized with a single
intraperitoneal injection of 50 mg/kg pentobarbital sodium. This
anesthesia was reported not to alter the peritoneal transport in
rats [11]. The fur over the abdominal wall was cleanly shaved. The
animal was laid in a supine position and was kept at 37°C with a
heating pad (CMN/Microdialysis, Stockholm, Sweden). Isotonic
saline, 2 ml/hr, was injected subcutaneously to prevent hypovole-
mia. A multiholed silastic Venoflon (0.8 mm internal diameter;
Helsingborg, Sweden) was inserted percutaneously in the left
lower quadrant of the abdomen. The catheter was used for dialysis
fluid infusion and sampling. The experiment was started by giving
an intraperitoneal injection of 16 ml (group G16), 25 ml (group
G25), 30 ml (group G30) or 40 ml (group G40) of 3.86% glucose
dialysis fluid that had been prewarmed to 37°C and prepared with
18.5 kBq 1311-human serum albumin (RISA; Institute for Energi-
teknik, Kjeller, Norway). A small dose (0.4 g/liter) of human
albumin was added to the solution to minimize the adhesion of
tagged albumin to the surface of the catheter. The solution was
administered via a three-way valve (Viggo, Connecta, Helsing-
borg, Sweden) and the catheter, over a period of about one
minute, and allowed to remain in the peritoneal cavity for four
hours. The intraperitoneal hydrostatic pressure was measured
after the infusion using a water manometer connected to the
peritoneal catheter, setting the reference level at the heart of the
rat. Dialysate samples (0.35 ml) were taken at 0, 3, 15, 30, 60, 90,
120, 180 and 240 minutes after the dialysis fluid had been infused.
Prior to each sampling, 1 ml of the dialysate was flushed back and
forth five times through the catheter. Blood samples were drawn
at 0, 120 and 240 minutes from the tail artery. After 240 minutes,
the peritoneal cavity was opened and the dialysate was collected.
Peritoneal tissues from liver and lateral abdominal wall were
collected for measurement of the radioactivity due to the trans-
port of RISA to peritoneal tissues. The tissue weight included all
part of the tissue: the interstitium, the cells, and the vascular
space, and was measured imediately after it was taken. The study
was approved by the Animal Ethical Committee of the Karolinska
Institute at Huddinge Hospital.
Dialysate samples (0.1 ml) and blood samples (0.1 ml of
plasma) as well as peritoneal tissues were analyzed for RISA
activity on a Gamma Counter (Packard Instrument Company,
Meriden, CT, USA) for 10 minutes each. Dialysate and plasma
concentrations of urea (urease-glutamate dehydrogenase meth-
od), sodium, potassium (ion selective electrode method), phos-
phate (UV-molybdate method), protein (Coomassie Brilliant
Blue Dye binding method) and glucose concentration (hexokinase
method) were analyzed using a Multistat Auto Analyzer (Instru-
mentation Laboratory, Spokane, WA, USA). Dialysate and blood
osmolality were measured by a Vapro® vapor pressure osmome-
ter 5520 (Wescor Inc., Logan, UT, USA).
Intraperitoneal dialysate volume was estimated from the dilu-
lion of RISA with corrections made for the elimination of the
RISA from the peritoneal cavity and the sample volumes. The
total peritoneal fluid absorption rate as assessed by the RISA
elimnatjon coefficient, K (mi/mm), was calculated as described
previously [25, 26]. The intraperitoneal volume change (net
ultrafiltration) at time t was calculated as the intraperitoneal
volume at time t (Vt) minus the infused volume (V0). The
transcapillary ultrafiltration rate (Q) was defined as the rate of
intraperitoneal volume change plus the rate of fluid absorption
(Kb) [26]. The direct lymphatic absorption of fluid from perito-
neal cavity was assessed as the RISA elimination rate from the
peritoneal cavity to the blood, K®0 (mi/mm). K®0 was calculated
from the rate of increase of RISA amount in plasma divided by
the average intraperitoneal RISA concentration [10]. The plasma
volume was set at 3.6 ml/100 g body wt [10]. The remaining part
of fluid absorption to the peritoneal tissue interstitium and
capillaries, KET (mi/mm), was calculated as K® minus KFB. Note
that K®, K®0 and KET are independent on the sample volumes.
The tissue RISA concentration was normalized using the weight
of the tissue and time average intraperitoneal RISA concentration
during the dwell [ii]. All tissues and fluids are assumed to have a
density of I mg/jd [11].
The dialysate to plasma solute concentration ratios, D/P, for all
the investigated solutes were calculated by dividing the dialysate
concentration of a solute at a certain time with the aqueous
concentration of the investigated solute in plasma [27]. If no blood
sample was taken at the same time as a dialysate sample then the
blood concentration of solute was linearly interpolated from the
blood sample taken before and after this moment [28]. The DID0
for glucose was calculated as the dialysate glucose concentration
(D) divided by the glucose concentration in the fresh dialysis
solution (D0). The clearance of the investigated solutes was
calculated as the total amount of the solute in the drained
dialysate at 240 minutes minus the infused amount and divided by
the mean blood concentration of the solute and the dwell time.
The diffusive mass transport coefficient (KBD, mi/mm) and the
sieving coefficient (S) were estimated using the modified Babb-
Randerson-Farrell (BRF) model as described previously [29, 30]
using the computer program PERTRAN (Baxter Novum, Karo-
linska Institute, Stockholm, Sweden). The model describes the net
change of the solute amount in peritoneal dialysate over time
increment equal to the rate of solute flow between blood and
dialysate due to combined diffusion, convective transport, and
peritoneal absorption of the solute. The isovolemic method was
also used to evaluate the K00 values for different solutes.
Two-way ANOVA with repeated measurements and one-way
ANOVA were applied to compare intraperitoneal volume, ultra-
filtration rate, KE, K®0, KFT, D/P ratios, K®0 and S. When
ANOVA showed a significant difference among the four groups,
then Scheffe's F test was used to compare the difference between
different groups. Spearman nonparametric measures of associa-
tion was used to evaluate the correlation between K1 and IPP and
between KET and IPP. The results are expressed as mean so. A
P value of less than 0.05 was considered significant.
RESULTS
Fluid transport
The increase in intraperitoneal volume (net ultrafiltration
volume) was significantly higher in the higher volume groups as
compared to the lower volume groups (P < 0.01, ANOVA
repeated measurements; Fig. 1), despite the finding that increase
in fill volume significantly increased the peritoneal fluid absorp-
tion (as assessed by the RISA elimination rate, K®; Table I). The
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increased net ultrafiltration was due to a significantly higher
transcapillary ultrafiltration rate during the dwell in the higher fill
volume groups (Table 1). There was no significant difference in
the direct lymphatic fluid absorption rate (as assessed by the
RISA appearance rate in the blood, KEB) during the dwell among
these four groups (Table 1). Therefore, the differences in fluid
absorption rates among the four groups were mainly due to
differences in the fluid absorption to peritoneal tissue as assessed
by the RISA elimination rate to peritoneal tissue, KET (Table 1).
Furthermore, the normalized RISA concentrations in liver and
lateral abdominal wall were significantly higher in the high fill
volume groups as compared to the low fill volume groups (Table
1). The increase in RISA concentration in the abdominal wall was
markedly higher than the increase in the RISA concentration in
the liver. Also, the RISA concentration in abdominal wall was
much higher compared to RISA concentration in liver even in the
16 ml fill volume group (Table 1). There were significant corre-
lations between K and RISA concentration in the abdominal
wall (r = 0.8607, P < 0.0001) and between KF and RISA
concentration in the liver (r = 0.4245, P < 0.05).
Intraperitoneal hydrostatic pressure
The intraperitoneal hydrostatic pressure (IPP) was significantly
higher with increasing fill volume (P < 0.01; Table 1). There were
strong correlations between IPP and K (r = 0.8066, P < 0.0001)
as well as between IPP and K1 (r = 0.7421, P < 0.0001), whereas
the correlation between IPP and K1.13 was not significant (r
0.1901, P = 0.2975).
Glucose transport
Although the diffusive mass transport coefficient for glucose did
not differ among the four groups (Table 2, see below), D/D() of
glucose decreased markedly slower with high fill volume than with
low fill volume (P < 0.01, ANOVA repeated-measurements; Fig.
2). Scheffe's F test showed that statistically significant differences
were reached between G16 and G30, G16 and G40, and between
G25 and G40 groups. Concurrently, the dialysate osmolality was
significantly higher in the high fill volume groups compared to the
low fill volume groups, except that the difference between G16
and G25 groups did not reach statistical significance (Fig. 2). The
total absorbed amount of glucose during the dwell was signifi-
cantly higher with high fill volume than with low fill volume,
0.53 0.02, 0.79 0.08, 0.87 0.10 and 1.09 0.07 g glucose for
the G16, G25, G30 and G40 groups, respectively. No significant
difference was found in the ratio of net UF to absorbed amount of
glucose.
Transport of other solutes
There was no significant difference in D/P for urea, sodium or
phosphate among the four groups (ANOVA repeated measure-
ments), although the D/P values tended to be higher in the G16
180 240 group as compared to the G30 and G40 groups (Fig. 3). The D/P
of potassium was significantly higher in the G16 group as com-
pared to the G30 and G40 groups (both P < 0.01, Fig. 3). The D/P
of protein was also significantly higher in the G 16 group compared
to the G40 group (P < 0.05; Fig. 3). No significant differences
were found in D/P for potassium or protein between the other
groups. The blood concentration of sodium, potassium, phos-
phate, total protein and osmolality did not change significantly
during the experiment in any of the four groups.
There were no significant differences in the diffusive mass
transport coefficient (KBD) for glucose, urea, phosphate and
protein among the four groups, neither estimated with the BRF
model nor estimated with the isovolemic method. As there was no
significant difference in the KBD values for any of the investigated
solutes between the two methods, only the values estimated with
the BRF model are reported here (Table 2). The KBD values for
sodium and potassium were significantly lower in the G16 group
compared to the G30 and G40 groups.
No significant differences among the four groups were found in
the sieving coefficients (S) for any of the investigated solutes
(Table 3).
The peritoneal clearances for urea, potassium, sodium and
phosphate increased markedly with higher fill volume (Table 4).
There was no significant difference in protein clearance or protein
loss among the four groups.
DISCUSSION
The results of the present study show that increased peritoneal
dialysate fill volume of 3.86% glucose dialysis fluid results in
increased fluid and solute removal despite an increase in perito-
neal fluid absorption.
Peritoneal fluid absorption
It is well known that the peritoneal transcapillary ultrafiltration
and peritoneal fluid absorption occur simultaneously during pen-
toneal dialysis. The fluid absorption from the peritoneal cavity (as
assessed by the RISA elimination rate, K1 [26, 311) is due to two
separate mechanisms: (1) direct lymphatic absorption (via lym-
phatic stomata mainly in the diaphragm, and, to a lesser extent,
through visceral lymphatic pathway), and (2) fluid absorption into
the peritoneal tissue interstitium (where the fluid is absorbed into
the capillary due to the Starling forces whereas the macromole-
cules are absorbed slowly into local lymphatics together with a
fraction of the fluid) [22, 32, 33].
E
a)
E
=0>
ci)C0
ci)0
cci
C
C
(I)
ci)0)C
cci
0
15
10
5
0
Fig. 1. Changes in intrapenitoneal volume (net ultrafiltration) versus
time. Symbols are: (LI) 16 ml group (N = 8); (K>) 25 ml group (N = 8);
(0) 30 ml group (N = 8); () 40 ml group (N = 8). Data arc mean so.
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Table 1. Fluid and RISA transport parameters and intraperitoneal hydrostatic pressure among the four groups (mean SD)
N
V0
ml
IPP
cm H,O
Q
pi/min
Net UF
ml
K KEB
p1/mm
K RISA in liver RISA in abdominalwall
C/C,,
G16 8 16 0.59 0.3W 3.76 6.5' 4.60 2.l9' 30.3 6.8' 7.4 1.4 23.0 7.2" 0.021 0.004" 0.076 0043""
G25 8 25 1.55 0.24" 54.2 8.8" 5.98 2.57" 43.4 8.4" 7.2 3.2 36.2 6.0' 0.023 0.003" 0.118 0046b
G30 8 30 2.15 0.28" 69.7 8.0' 8.06 239hd 53.2 7.3" 9.3 1.3 43.9 7.3" 0.030 0008d 0.149 0.044""'
G40 8 40 4.68 0.54" 91.2 11.66 2.03" 61.9 6.2" 7.9 1.5 54.1 7.1' 0.035 0.010"" 0.408 0.114"
Abbreviations are: V0, dialysate fill volume; TPP, intraperitoneal hydrostatic pressure after infusion; Q, mean transcapillary ultrafiltration rate
between 0 mm and 240 mm; Net UF, net ultrafiltration volume at 4 hour of the dwell; KE, total RISA elimination rate representing the fluid absorption
rate from the peritoneal cavity; KbB, RISA elimination rate to the blood from the peritoneal cavity representing the peritoneal lymphatic absorption;
KET, RISA elimination rate to peritoneal tissue; RISA in liver, RISA concentration in liver (cpm/mg, C) was normalized using the time average
intraperitoneal RISA Concentration (cpm/rl, Ca,) during the dwell; RISA in abdominal wall (C/Cm), calculated similar to the RISA in liver. All tissues
and fluids are assumed to have a density of I mg/jil [111.
a P < 0.05 compared with the other groups
"P < 0.05 compared with the G40 group
P < 0.05 compared with the G30 group
d P < 0.05 compared with the Gi6 group
P < 0.05 compared with the G25 group
Table 2. Diffusive mass transport coefficients, K00 (mI/mm), for glucose, urea, sodium, potassium, phosphate and total protein (mean SD)
N
KBD ml/min
Glucose Urea Sodium Potassium Phosphate Protein
G16 8 0.18 0.06 0.15 0.07 0.10 0.03" 0.08 0.03 0.05 0.02 0.002 0.001
G25 8 0.25 0.07 0.18 0.08 0.19 0.06 0.15 0.09 0.06 0.03 0.003 0.003
G30 8 0.21 0.05 0.26 0.16 0.14 0.03 0.13 0.08 0.07 0.03 0.003 0.002
G40 8 0.26 0.04 0.21 0.16 0.17 0.07 0.18 0.07 0.08 0.03 0.002 0.002
up < 0.05 compared with the G40 group
h P < 0.05 compared with the G25 group
Direct lymphatic absorption, KFB
Direct lymphatic absorption can be assessed as the rate of
appearance of intraperitoneally administered macromolecules
(that is, R1SA) in the blood, [22, 33]. Our results show that
direct lymphatic absorption (K0) only accounts for a small
fraction of the total peritoneal fluid absorption (as assessed by
K0), which is in agreement with previous reports that lymphatic
absorption accounts for 10 to 30% of the total fluid absorption
from the peritoneal cavity in CAPD patients [32, 34, 35] as well as
in rats [22, 33, 36]. Therefore, part of the fluid losses from the
peritoneal cavity is evidently due to net fluid entry into the tissues
surrounding the peritoneal cavity, representing an intermediate
compartment between the peritoneal cavity and plasma. In our
study, the direct lymphatic absorption was not significantly in-
creased with increase in fill volume (Table 1 and Fig. 2). A similar
finding was reported in other studies [10, lfl. Flessner and
Schwab found that the lymph flow is independent of the intra-
peritoneal pressure in the range of 0 to 8 cm H20 [11]. After
markedly increasing IPP (from 2 mm Hg to 14 mm Hg), Zakaria
and Rippe found only a slight increase in direct lymphatic flow
(from 8 1.d/min to 11 p1/mm) [10]. Note that intraperitoneal
administration of pentoharbital does not suppress KEB [111.
Although lower K00 may be found when the infused amount of
solution is very small [37], it is clear from our study that the direct
lymphatic absorption did not increase when the infusion volume
was increased from 16 ml to 40 ml using 3.86% glucose solution.
Further studies are needed to elucidate the exact relationship
between KEB and the infusion volume.
Fluid absorption into peritoneal tissue, KEI
The increased peritoneal fluid absorption rate associated with
the increased IPP in our study is in agreement with previous
studies [10, 11]. Zakaria et al found that the intraperitoneal fluid
loss rate and the loss of an intraperitoneally administered macro-
molecular tracer were proportional to the IPP [10]. Flessner
reported that a steady rise in the rate of fluid movement from the
cavity into the body and into the abdominal wall occurs with
increasing intraperitoneal pressure above 2 cm H20 but relatively
independent of the intraperitoneal osmotic pressure [11]. In our
study, KET as well as the tissue deposition of RISA was strongly
correlated with the peritoneal fluid absorption. The difference in
the tissue RISA concentration of liver and muscle is in agreement
with a previous study of Flessner, Dedrick and Reynolds [381. This
difference may he the result of differences in tissue compliance [6,
11, 38, 39]. Our result suggest that the abdominal wall maybe the
most important site for peritoneal fluid absorption. It is still
unknown whether chronic loading of higher fill volume in perito-
neal dialysis would result in a higher K0. It is possible that the net
effect of an increased IPP on the transcapillary Starling equilib-
rium may be minor as the increased IPP would automatically lead
to increases in large vein pressure, that are retrogradely transmit-
ted to the capillary level, thereby leading to increases in capillary
pressure [10]. However, the increased JPP and hence an increased
tissue interstitial pressure will tend to cause fluid absorption
across the capillary in the peritoneal tissues. A recent study has
suggested that most of the water from peritoneal cavity is likely to
be absorbed into blood capillaries located within the tissue, such
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Fig. 2. Dialysate glucose concentration (D) to fresh dialysate glucose
concentration (D0) ratio (A) and dialysate osmolality (B) versus dwell
time. Symbols are: (LI) 16 ml group (N = 8); () 25 ml group (N = 8);
(0) 30 ml group (N = 8); (A) 40 ml group (N = 8). Data are mean SD.
as abdominal wall interstitium, when IPP < 8 cm H20 [11] (as in
our study). The ability of a tissue such as the rat abdominal wall
to maintain its interstitium volume, located at a particular dis-
tance from the cavity, depends on the tissue compliance, the local
tissue pressure, and the capacity of the local microcirculation to
remove the fluid as it transports into the region [11]. Therefore,
theoretically, as long as the IPP is increased due to higher fill
volumes (even during long-term peritoneal dialysis), it is conceiv-
able that the peritoneal fluid absorption rate would be higher
when higher fill volumes are used.
Net ultrafiltration
It is interesting to note that despite a significantly increased IPP
and increased peritoneal fluid absorption with high intraperito-
neal fill volume in the present study, a significantly higher net
ultrafiltration volume was still seen in the higher fill volume
groups (Fig. 1 and Table 1). This observation may seem to be in
contrast with results of previous studies focusing on the relation-
ship between IPP and net ultrafiltration volume [8, 10, 23, 24, 40,
41]. It has previously been reported that net ultrafiltration was
inversely correlated with the IPP [40, 41], and that an increase in
IPP of 1 cm H20 in CAPD patients resulted in a mean decrease
of 74 ml in net ultrafiltration at a dwell time of two hours with
3.86% glucose solution [40]. Imholz et al [8] and Zakaria and
Rippe [101 also found an inverse correlation between IPP and net
ultrafiltration volume when 1.36% solution was used and an
external force was applied to the outside of the body to increase
the IPP. Note, however, that the methods used in the aforemen-
tioned studies were different from our study in that the same
dialysate volume was infused into the peritoneal cavity, and the
net ultrafiltration was measured under different IPP. Therefore,
the differences in net ultrafiltration in the previous studies may
mainly be due to differences in fluid absorption rates, with the net
effect showing up as the correlation between IPP and net UF. In
contrast, in the present study, the different fill volume resulted in
a marked difference in the transcapillary ultrafiltration rate (see
below). This effect fully compensated for the increased fluid
absorption rate.
The increased net ultrafiltration with the higher fill volume in
the present study was due to a significantly higher transcapillary
ultrafiltration rate in these groups, counterbalancing the increased
peritoneal fluid absorption rate (Table 1). This is in agreement
with a theoretical prediction by Rippe, Stelin and Haraldsson [42].
We found that the increase in the transcapillary ultrafiltration rate
was mainly due to a better maintenance of the glucose concen-
tration gradient in the high fill volume groups, which is in
agreement with previous studies [5, 24]. The slower decline of
dialysate glucose concentration in the high fill volume groups may
partially be explained by less dilution by transcapillary ultrafiltra-
tion. To further illustrate the higher degree of dilution due to the
relatively higher transcapillary ultrafiltration rate in the low fill
volume groups, we calculated the apparent intraperitoneal dialy-
sate volume based on RISA dilution alone (without correction for
KE [26]). As shown in Figure 4, the fractional intraperitoneal
volume changes when the peritoneal fluid absorption was ne-
glected was significantly higher in the low fill volume groups
compared to the high fill volume groups. In addition, as the
diffusive mass transport coefficient (KBD) for glucose did not
significantly increase with increase in fill volume, the ratio of
maximal diffusive transport (as estimated by KBD) to the volume
that should be cleared (fill volume) decreased with high dialysate
volume, resulting in slower decrease in dialysate glucose due to
diffusive transport.
The better net ultrafiltration with higher fill volume in the
present study (Table 1 and Fig. 1) is in contrast to previous reports
[23, 24] in CAPD patients studied with 1.36% and 2.27% glucose
solutions. Krediet et al found that the net ultrafiltration using
1.36% glucose dialysis solution was significantly lower in the 3 liter
group compared to the 2 liter group during a four-hour dwell
study, mainly due to an increase in peritoneal fluid absorption in
the 3-liter solution group [24]. Twardowski et al [5, 23] found no
beneficial effect on net ultrafiltration using 3 liters compared to 2
liters of 2.27% glucose solution during a 12 hour exchange. These
contrasting results may be due to the fact that we used a 3.86%
glucose solution, which induces a markedly higher transcapillary
ultrafiltration rate (Table 1). Therefore, in the present study, the
effect of increased peritoneal fluid absorption on the net fluid
removal was relatively less important. Our results indicate that in
the single dwell study the decreased net ultrafiltration volume
associated with higher dialysate fill volume (due to higher IPP and
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higher peritoneal fluid absorption) could he avoided if hypertonic
glucose solutions are used. Whether chronic infusion of higher
dialysate fill volume of hypertonic solution in CAPD patients
would also prevent the decreased net ultrafiltration volume
associated with higher dialysate fill volume is still unknown.
Solute transport
The lower DIP of small solutes in the high fill volume groups is
in accordance with previous studies [23, 43]. Twardowski et al
found that the D/P ratios for urea, creatinine, urate, phosphate,
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insulin, and protein were lower in the 3 liter group compared to
the 2 liter group [5J. Recently, in a multicenter study [431 to
determine the relationship between intraperitoneal volume and
solute transport (as determined by the D/P ratio and KBD) in
children, Warady et al found that solute equilibration was signif-
icantly more rapid with 900 mI/rn2 body surface area exchange
volume than with 1100 mI/rn2 exchange volume when evaluated by
DIP ratio. In contrast, no differences in solute transport were
noted with either exchanged volume when assessed with the Ku
[43]. The increased DIP in the lower fill volume groups is a result
of the principle governed by the geometry of diffusion stating that
equilibration of a solute occurs rapidly when the dialyzed solute
diffuses into a relatively small volume, whereas relatively slower
equilibration occurs in association with diffusion into a larger
volume. The observation of a decrease in DIP value with high fill
volume is of particular importance when considering the interpre-
tation of the PET results and previous pediatric kinetic data
determined with test exchange volumes scaled for body wt [43].
One could anticipate that using different volume or the same
volume for patients with different size (especially in children) and
classifying the transport patterns based only on D/P values may
sometimes introduce a source of error.
The significant increase in small solute clearances in the high fill
volume groups is not unexpected. However, it is important to note
that the increase in clearances is not quite in the same order as the
increase in the fill volume because of the lower D/P. This suggests
that when extrapolating the clearance data from 2 liters of dialysis
solution to 2.5 liters or 3 liters, one may overestimate the
peritoneal clearances. There was no significant increase in protein
clearance in the high fill volume groups in our study. This was due
to the low degree of saturation of the dialysate with protein and/or
indicating that the pressure gradient promoting transcapillary
transport of protein had not been markedly changed by elevating
IPP. A similar observation was reported by Twardowski et al [5].
Although the KBD values in our study tended to be lower in the
G16 group, there was in general no significant difference in K0
values for the investigated solutes among the G25, G30 and G40
group. Also, no difference in KOD values with different fill volume
was found in the study by Warady et al [I• Note that the KBD
values may be different with different models used for the
estimation of K0 [1• The values we reported in this study were
estimated using the BRF model [29, 451. These values represent
the mean KBD values during the whole dwell, As the BRF model
simultaneously estimates Ku and sieving coefficients (S), the S
values for some solutes (such as for urea, potassium and phos-
phate; Table 3) may he slightly overestimated (which could
underestimate the values for the corresponding solutes).
Table 3. Sieving coefficients (S) for glucose, urea, sodium, potassium, phosphate and total protein (mean SD)
S
N Glucose Urea Sodium Potassium
-
Phosphate Protein
G16 8 —0.02 0.56 0.91 0.36 0.61 0.09 1.03 0.19 0.42 0.20 0.06 0.02
025 8 0.25 0.53 1.02 0.40 0.54 0.14 1.00 0.19 0.51 0.25 0.04 0.03
G30 8 —0.15 0.36 0.78 0.76 0.63 0.06 1.08 0.29 0.42 0.23 0.04 0.02
G40 8 0.06 0.43 1.33 0.62 0.54 0.08 0.76 0.34 0.58 0.29 0.05 0.03
No significant differences were found between the four groups.
Table 4. Peritoneal clearances, mI/mm, for urea, sodium, potassium, phosphate and total protein (mean SD)
Peritoneal clearance mi/mm
N Urea Sodium Potassium Phosphate Protein
G16 8 0.083 0.007" 0.017 0.008k'" 0.072 0.009" 0.051 0.007" 0.005 0.001
G25 8 0.122 0.010" 0.021 0,009b 0.105 0.009" 0.071 00ll 0.006 0.002
030 8 0.147 0.009" 0.028 0.007 0.120 0.012" 0.081 0.008 0.006 0.002
040 8 0.199 0.016" 0.034 0.006 0.157 0.007" 0.113 0.018" 0.007 0.001
"P < 0.05 compared with the other groups
h P < 0.05 compared with the G40 group
"P < 0.05 compared with the G30 group
' P < 0.05 compared with the 016 group
-
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Fig. 4. Fractional increase of theoretical intraperitoneal volume (ne-
glecting peritoneal fluid absorption) calculated as (Vt+KEXt)/Vo, where
V is the true intraperitoneal volume at time t and V0 is the infused
dialysate volume. Symbols are: (1) 16 ml group (N = 8); () 25 ml group(N = 8); (0) 30 ml group (N = 8); (A) 40 ml group (N = 8). Data are
mean SD.
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However, the impact of S values on the KBD of glucose has been
reported to be very small [44]. Furthermore, the estimation of S
values for sodium [46] and protein (judged from the protein
clearance between 3 mm and 240 mm of the dwell; not reported
here) using the BRF model seems to be valid. The abnormal S
values (such as for glucose, urea, potassium) may also reflect
important alternative transport mechanisms (such as facilitated
glucose transport, metabolism, solute transport between intracel-
lular and extracelluar space) [47], which could not fully be
explained by the BRF model that considers the peritoneum as a
semipermeable membrane.
Recently, Keshaviah et a! studied the relationship between body
size, fill volume, and KBD in peritoneal dialysis patients using
2.27% glucose solution and found that between 0.5-liter and
2-liter fill volumes, the average KBD increased in an almost linear
fashion, its value almost doubling over this range [12]. Between
2-liters and 3-liters, there was less than a 10% change in the K80
[12]. As the K80 is a lumped parameter containing the membrane
permeability and surface area, it is possible that in their study the
low fill volume (such as 0.5 liters) may not have completely
covered the whole peritoneal cavity, resulting in lower peritoneal
surface area and thus lower KBD values. It is also important to
note that Keshaviah et a! used the Henderson method (which
neglects the convective transport) to estimate the KOD values [12];
this may result in overestimation of the KBD values [44]. Accord-
ing to our findings, this overestimation may be quantitatively more
important when higher fill volumes are used.
In summary, our results suggest that: (1) An increase in
dialysate fill volume using 3.86% glucose dialysis solution results
in higher intraperitoneal hydrostatic pressure and higher perito-
neal fluid absorption rate, but, on the other hand, also a higher net
ultrafiltration. (2) The increase in peritoneal fluid absorption was
entirely due to increased fluid absorption into adjacent tissues,
while the direct lymphatic absorption did not change. (3) The
increase in net ultrafiltration with increased fill volume is mainly
due to a better maintenance of glucose concentration in the
dialysate, inducing an increased transcapillary ultrafiltration rate;
(4) In general, the peritoneal solute transport coefficients did not
change; however, small solute clearances increase markedly al-
though not quite to the same extent as predicted from the
increased fill volume. These results indicate that decreased net
ultrafiltration volume associated with higher fill volume (due to
higher IPP and higher peritoneal fluid absorption) could be
avoided if hypertonic glucose solutions arc used.
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